GROUND-WATER QUALITY RECONNAISSANCE, TUTUILA,
AMERICAN SAMOA, 1989

By Paul R. Eyre

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 94-4142

Prepared in cooperation with the
AMERICAN SAMOA ENVIRONMENTAL PROTECTION AGENCY

Honolulu, Hawaii
1994



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

Any use of trade, product, or firm names in this publication is
for descriptive purposes only and does not imply
endorsement by the U.S. Government.

For sale by the U.S. Geological Survey
Earth Science Information Center
Open-File Reports Section

Box 25286, MS 517

Denver Federal Center

Denver, CO 80225

For additional information write to:
District Chief

U.S. Geological Survey

677 Ala Moana Blvd., Suite 415
Honolulu, HI 96813



CONTENTS

Abstract 1

Introduction 1
Purpose and scope 1
Geographic setting 4
Geohydrology 4

Ground-water quality 4
Sampling and analytical methods 6
Total and fecal coliform bacteria 8
Major ions and silica 8
Organic compounds 11

Summary and conclusions 14

References cited 14

FIGURES

1-2. Maps showing:
1. Location of Samoan archipelago and island of Tutuila 2
2. Locations of wells sampled in 1989 and generalized geohydrologic units,
Tutuila, American Samoa 3

3. Generalized geohydrologic section of Tutuila, American Samoa 5

4. Maps showing locations of sampled wells and A, areas of commercial agriculture and ,
B, residential and sewered areas, Tutuila, American Samoa, 1989 7

5. Water-quality diagrams showing dissolved-solids concentrations

(in milligrams per liter) and concentrations of major ions
(in milliequivalents per liter) in ground water, Tutuila,
American Samoa, 1989 12

iii



TABLES

1. Summary of site characteristics and chemical analyses of ground water, Tutuila,
American Samoa, May and July, 1989 6
2. Summary of water-quality properties and chemical constituents in 19 pumped water

samples collected from 17 drinking-water wells, Tutuila, Amercain Samoa,
May and July, 1989 9
3. Chemicals for which concentrations were below the reporting limit in 19 pumped
water samples collected from 17 drinking-water wells, Tutuila, American Samoa,
May and July, 1989 10
4. Commonly used pesticides on Tutuila, American Samoa 11

Conversion Factors

Multiply By To obtain
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million gallons per day (Mgal/d) 0.04381 cubic meter per second
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inch per month (in/mo) 2.54 centimeter per month
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mg/L, milligram per liter
meq/L, milliequivalent per liter
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processes. Leachate from agricultural areas or waste-
disposal sites can increase the abundance of major ions
in ground water, but such effects cannot be identified in
these samples. The relative abundance of the major
ions is shown in the water-quality diagrams in figure 5
in which concentrations of major ions are represented
by distance from a vertical center line. Concentrations
are expressed in units of milliequivalents per liter to
allow a direct comparison of negative and positive ions
(reactive units), without regard to their atomic weights.
To obtain concentrations in the commonly used unit of
milligrams per liter, multiply the value in
milliequivalents per liter by the following factors for
each chemical species: sodium, 23.0; magnesium, 12.2;
calcium, 20.0; chloride, 35.4; sulfate, 48.0; and
bicarbonate, 61.0 (Hem, 1985). The sizes of the water-
quality diagrams in figure 5 have been made
approximately equal by using 4 different horizontal
scales of equal length but which range in value from 2.5
to 50 milliequivalents per liter. Therefore, the shapes of
the diagrams can be conveniently compared, although
dissolved-solids concentrations range from about 100
to 2,400 mg/L.

At relatively low (less than about 300 mg/L)
concentrations of dissolved solids, bicarbonate
generally is the dominant anion (negative ion), and
sodium, calcium, and magnesium are the dominant
cations (positive ions) in the ground water (fig. 5).
Bicarbonate in the ground water results from carbon-
dioxide enrichment of the recharge water from the
abundant carbon dioxide in the forest litter and upper
soil zone, and subsequent interaction of the recharge
water with soil and rock minerals. Sodium, calcium,
and magnesium in the ground water result from the
dissolution of minerals and from small amounts in
rainfall. The chemical composition of dissolved
constituents in rainfall is similar to that in sea salt, in
which sodium and chloride are the primary ions (Bogen
and others, 1984). Sodium and chloride generally
become the dominant ions in ground water with
increasing major ion concentrations, indicating
increased mixing with seawater. Exceptions are at
brackish-water wells in the low-permeability unit (sites
12, 14, and 15), where sodium is depleted relative to
chloride. Sodium depletion may be the result of
geochemical processes in which sodium initially in the
brackish ground water is exchanged for calcium and
magnesium in the rock minerals, while the chloride
ions remain in solution (Visher and Mink, 1964).

Of the constituents resulting from the dissolution
of rock minerals, silica is found in the highest
concentrations in the ground water of Tutuila. Silica
concentrations averaged 38 mg/L in water from the lava
flows of the high-permeability unit of the Tafuna-Leone

plain, where the silica content of the basalt lava flows is
relatively low (Natland, 1980) and ground-water
residence times are short. Silica concentrations averaged
44 mg/L in water from the low-permeability volcanic
rock unit of Pleistocene age, where the silica content is
higher and ground-water residence times are longer.
Other rock mineral constituents such as sodium,
magnesium, potassium, iron, and aluminum, as well as
other trace metals, are retained to a relatively greater
degree in the residual clays formed by the leaching of
silica from the original basalt minerals.

ORGANIC COMPOUNDS

The USEPA maximum contaminant level
(MCL) of the trihalomethane (THM) class of volatile
organic compounds is 100 pg/L because of the potential
carcinogenic effect of these compounds (table 2). THM
can be formed by the reaction of chlorine with naturally
occurring organic matter. Levels below the MCL were
found in all five samples where well water was
chlorinated before sampling. No THM was found
where water was chlorinated after sampling. Chlorine
disinfectant was injected directly into wells at sites 3, 8,
and 17. THM concentrations in samples from these
sites were 13 ug/L, 47 pg/L, and 14 pg/L, respectively.
Chlorine was put into the distribution line before the
sample-collection points at sites 1 and 15. THM
concentrations in samples from these wells were 10
ng/L, and 4 pg/L, respectively. The water samples were
analyzed for other volatile organic compounds such as
those commonly found in fuel, solvents, and some
pesticides, but none were detected (table 3).

Table 4. Commonly used pesticides on Tutuilq,
American Samoa

Pesticide name Family
Herbicide
Paraquat bipyridyl
Fungicide
Benlate carbamate
Mancozeb carbamate
Calixin maneb
Insecticide
Diazinon organophosphorous
Dursban chlorpyrifos
Malathion organophosphorous
Pyra-Kill pyrethrin
Baygon carbamate
Vikane sulfuryl fluoride

Work by Rao and others (1985) indicates that
under normal conditions there is relatively little risk that
the commonly used chemicals on Tutuila (table 4) will 1



9 - Fagatogo 102 108 mg/L
Na cl
Mg SO,
Ca HCO,
H+H A
25 25
6 - Malaeimi 89 117 mg/L
Na cl
Mg SO,
Ca HCO,
HA+HHAHAAA A
25 25
17 - Tula 108 122 mg/L
Na Cl
Mg SO,
Ca HCO,
HH A
25 25

13 - Laulii 96 128 mg/L
Na cl
Mg SO,
Ca HCO,
HH+H A
25 25
10 - Fitiuli 107 131 mg/L
Na Cl
Mg SO,
Ca HCO,
HHHHHHHH=HHHHH
25 25
5 - Masepa 85 140 mg/L
Na ct
Mg SO,
Ca HCO,
HH+ A
25 25

1 - Malaeloa 70 245 mg/L
Na cl
Mg SO,
Ca HCO,4
H—H—H—l—H—l——!—H—%—H—I—H—E!_)
3 - Malaeloa 93 281 mg/L
Na cl
Mg S0,
Ca HCO,
I—H—H+H—-H——H—I—H—H—!—Hs
2 - Malaeloa 91 282 mg/L
Na cl
Mg SO,
Ca HCO4
A A

Figure 5. Dissolved-solids concentrations (in milligrams per liter) and concentrations of major ions

(in milliequivalents per liter) in ground water, Tutuila, American Samoa.
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16 - Tula 104 367 mg/L
Na Cl
Mg SO,
Ca HCO,
5 5
8 - Utulei 3 404 mg/L
Na Cl
Mg S0,
ca HCO,
5 5
4 - liiili 79 407 mg/L
Na Cl
Mg SO,
Ca HCO,
5 5

11 -Pago Plaza2 411 mg/L

Na Cl
Mg SO,
Ca HCO,
5 5
12 - Aua 99 675 mg/L
Na Cl
Mg SO,
Ca HCO,
HAHH A
25 25
7 - Tafuna 33 802 mg/L
Na Cl
Mg SO,
Ca HCO,
HHHHAH
25 25

13

15 - Sailele 130 852 mg/L
Na Cl
Mg SO,
Ca HCO4
A A
25 25
14 - Alofau 32 2,372 mg/L
Na Cl
Mg SO,
Ca HCO,
A
50 50
EXPLANATION
Site Samoa well Dissolved solids
number number concentration
(figure 3) / /
\4 - liili 79 407 mg/L
N Cl
g ™ >
o P
5 Mg SO4 g
o /2]
Ca HCOg
5 5

Milliequivalents per liter
Note: different hoizontal scales used in diagrams




each into the ground water. By calculating retardation
and attenuation factors, Rao and others (1985) ranked
41 pesticides with regard to their potential to move
through the unsaturated zone and enter underlying
ground water. A rank of 1 indicates the highest
potential for leaching. Of the pesticides commonly
used on Tutuila, Diazinon, Dursban, and Malathion
ranked 15, 36, and 41, respectively. These three
chemicals, as well as a broad, but by no means
complete, suite of other insecticides and herbicides were
analyzed for this study and none were detected (table 3).
Half-lives, volatility, and adsorption coefficients
(Wauchape and others, 1992) of the other pesticides
commonly used on Tutuila listed in table 4 indicate
that, in general, these pesticides are less likely than
Malathion to leach to the ground water. Consideration
of general chemical characteristics is appropriate for
estimating the relative likelihood of nonpoint-source
contamination from various chemicals applied under
similar circumstances. The likelihood of point-source
contamination resulting from product misuse, spill, or
locally unfavorable climatic or soil and rock conditions
cannot be addressed in this way.

SUMMARY AND CONCLUSIONS

In May and July 1989, nineteen ground-water
samples were collected from 17 of the 35 water-supply
wells on the 53 square mile volcanic island of Tutuila,
American Samoa. Sampled wells were in residential
areas, areas of commercial agriculture, and areas rela -
tively undisturbed by human activity. The primary
purpose was to evaluate drinking water at the wellhead
with regard to the U.S. Environmental Protection
Agency's primary drinking-water regulations. Samples
were analyzed for temperature, pH, hardness, specific
conductance, and turbidity, as well as total and fecal
coliform bacteria, major ions, major nutrients, 12
common metals, and 66 organic compounds that in-
cluded insecticides, herbicides, and volatile organic
compounds. The results of this study indicate that the
common ground-water contaminants on Tutuila are
bacteria and seawater.

Wells on Tutuila tap a freshwater lens that floats
on the saltwater that has intruded the basalt aquifers
formed by the two geohydrologic units of Tutuila: (1)
the low-permeability unit made up primarily of deeply
weathered and eroded Pleistocene volcanic rocks, and
(2) the high-permeability unit made up primarily of the
Holocene lava flow that formed the 11 square mile
Tafuna-Leone plain on the south-west side of the island.
The altitude of the freshwater-saltwater interface varies
throughout the island, from less than several tens of feet
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below sea level to more than several hundred feet below
sea level.

Concentrations of dissolved solids in the samples
ranged from about 100 to about 2,400 milligrams per
liter. Four samples had concentrations of dissolved
solids and chloride that exceeded the USEPA
secondary drinking-water regulations of 500 and 250
milligrams per liter, respectively. For samples with less
than 300 milligrams per liter of dissolved solids,
sodium, calcium, and magnesium were the dominant
cations, bicarbonate was the dominant anion, and the
dissolved constituents were primarily a result of
dissolution of minerals and carbon-dioxide enrichment
of recharge water. For samples with greater than 300
milligrams per liter of dissolved solids, the primary
dissolved constituents were sodium and chioride,
indicating increased mixing with seawater. For the
three wells in the low-permeability unit with high
dissolved solids, geochemical reactions seem to have
additionally depleted the sodium and enriched the
calcium and magnesium concentrations.

Potential for ground water contamination by land-
use activities may be greater on the high-permeability
unit than on the low-permeability unit. Three of the six
unchlorinated water samples collected from the high-
permeability unit contained fecal coliform bacteria,
whereas only two of the eight unchlorinated samples
collected from the low-permeability unit contained fecal
coliform bacteria. Fecal coliform bacteria were found
in water from wells in both densely and sparsely
populated areas but the highest concentration was found
in a shallow well near sea level in a densely populated
area on the low-permeability unit.

Because Tutuila well water commonly contains
bacteria, all water distributed in the government water
system is chlorinated. Of the five samples collected
after chlorination, all contained trace levels of
trihalomethanes at concentrations below U.S.
Environmental Protection Agency maximum
contaminant levels. Trihalomethanes were the only
organic constituents detected.
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